Immunofluorescence Mapping of Antigenic Determinants within the Dermal-epidermal Junction in Mechanobullous Diseases  by Hintner, H. et al.
!X ll~ - ~O~X /!! l / 71i0~-0 I I :J$02.1Xl/ O 
THE .)o CJ<SAL OF ISVESTI<:ATI VE IJ<:r<MATOLO<:Y. 7G: II :J- II H. ! ~Jil l 
Cop _\Tighi iD I HH I h_v The Willian" & Wilkin" Cu. 
\·o l. l li, No. :! 
1-'l'inled lnl '.S. A . 
Immunofluorescence Mapping of Antigenic Determinants within the 
Dermal-epidermal Junction in Mechanobullous Diseases 
H. HINTNER, G. STINGL, G. SCHULER, P. FRITSCH, J. STANLEY, S. KATZ, AND K. WOLFF 
Deportm ent of Dennotolo{{y. Unil·er.,ity of lnnsbmck (H.H. GS. GS. PF, & KW). lnnshmcl.·. Austria, and th e !Jennatuhw_v Branch. 
Nat ional Cancer Institute and Laborat01y ul Det•elupm ental Biologv and Anomalies. Na tional ln .,titute ol Dental R esearch , 
National Institut es of H ealth (JS & SK). Bethesda. Maryland. U.S. A . 
The classification of mechanobullous diseases often 
depends on the electron microscopic distinction of intra-
dermal (dermolytic), junctional and intraepidermal sites 
of cleavage. Electron microscopy is tedious and time 
consuming. In this report we describe a different ap-
proach to the determination of the cleavage plane by 
using a method which recognizes subtle differences in 
the localization of antigenic structures relative to the 
cleavage plane. 
Cryostat sections of lesional and extralesional skin of 
3 patients with dermolytic epidermolysis bullosa, 3 with 
epidermolytic epidermolysis bullosa and 8 with junc-
tional epidermolysis bullosa were examined by immu-
nofluorescence, with specific antisera against type IV 
collagen (localized within the basal lamina); against lam-
inin (noncollagenous protein, localized in the lamina 
lucida); and with bullous pemphigoid antibodies (di-
rected against the bullous pemphigoid antigen localized 
in the lamina lucida). All specimens were also examined 
by electron microscopy. 
In dermolytic epidermolysis bullosa (where cleft for-
mation occurs intradermally) type IV collagen, laminin 
and the bullous pemphigoid antigen were consistently 
found in the roof of the blister, whereas in junctional 
epidermolysis bullosa (where the cleft occurs in the lam-
ina lucida) type IV collagen and laminin were found on 
the floor of the blister whereas bullous pemphigoid an-
tigen was present mainly on the roof, but focally also on 
the floor, of the blister. In epidermolytic epidermolysis 
bullosa (where the cleft is intraepidermal) all antigens 
were localized below the cleavage plane. In all cases 
electron microscopy confirmed the level of cleft forma-
tion predicted from the immllnofluorescence mapping of 
the antigenic sites. The described method equals electron 
microscopy in accuracy but it is more rapid and simpler 
to perform. 
Epidermolysis bullosa (EB) is a term applied to a heteroge-
neous group of genetically determined mechanobullous dis-
eases, whose common feature is blistering after trivial trauma. 
Criteria for classification include (1) the level of blistering as 
determined by light and electron microscopy, (2) clinical symp-
toms and course, and (3) the mode of inheritance [1-5] (Table 
I). With regard to the plane of cleavage, 3 major subgroups 
have been shown to occm: (1) epidermolytic variants, where 
the cleavage occurs within the epidermis, (2) junctional var-
iants, where the split runs through the lamina Iucida of the 
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basement membrane* and (3) dermolytic variants, where the 
separation takes place in the upper dermis, i.e., below the basal 
lamina (Table 1) . Whereas the differentiation of epidermolytic 
EB from the other variants usually presents no difficulty, 
electron microscopy is the method of choice for a reliable 
determination of the cleavage plane in junctional and dermo-
lytic EB. However, electron microscopy has the disadvantage 
of being cumbersome and time consuming; most importantly, 
it is available only in appropriately equipped centers. 
Since several antigenic sites are now known in the dermal-
epidermal junction zone where cleavage usually occurs in EB, 
it occurred to us that it might be possible to predict the cleavage 
sites by correlating the level of blister formation with the 
distribution of these antigenic determinants. The latter are 
localized at different levels within the dermal-epidermal junc-
tion and include (1) type IV collagen which is a component of 
the basal lamina [6]; (2) laminin, a noncollagenous basement 
membrane protein which is found throughout the entire lamina 
Iucida [7] and (3) bullous pemphigoid antigen, which is found 
on the undersmface of basal keratinocytes and within the 
lamina Iucida [8]. 
It was to be expected that, depending on the site of blister 
formation in the various forms of EB, these antigens should be 
localized either above, below, or above and below the cleavage 
plane. Using specific antisera against these 3 antigenic deter-
minants in an indirect immunofluorescence procedure, we show 
in this study that this new light microscopic approach permits 
a reliable and rapid diagnosis, and thus classification of me-
chanobullous diseases. 
MATERIALS AND METHODS 
Biopsies from normal individuals and patients with different variants 
of epidermolysis bullosa (Table II) were taken from newly formed 
blisters and adjacent skin as well as from clinically normal appearing 
skin following local anaesthesia with 2% lidocaine. The skin specimens 
were cut into 3 equal parts, one-third was used for the preparation of 
hematoxylin-eosin and PAS (Periodic ac id-Schiff) staining for Light 
microscopy studies, the other two-thirds were processed for immuno-
fluorescence and electron microscopy studies as follows: 
I. Jmmun.o(ll./.Orescence 
The skin specimens were embedded in Tissue-Tek II O.C.T. com-
pound (Lab-T ek Products, Division Miles Laboratories Inc., Naperville, 
Illinois), snap frozen in liquid nitrogen, cut into 4 J.Lm cryostat sections 
(Cryo-cut Microtome, American Optical Corporation) and were air 
dried for 20 min on albumin-coated slides. The distribution of the 3 
antigenic determinants was investigated by classical indirect immuno-
fluorescence procedures. Antisera used included type IV collagen anti-
serum, laminin antiserum and bullous pemphigoid (BP) serum. Anti-
bod ie~ to type IV collagen and to laminin were prepared and charac-
• T erms used here to describe the various structures of the dermal-
epidermal junction are [9] (Fig 1): Lamina lucida: the electron lucent 
portion between plasma membrane of basal keratinocytes and basal 
lamina; basal lamina: t he electron dense, amorphous linear structw·e 
below the lamina Iucida; anchoring filaments: fine, fibrillar structures 
transversing the lamina Iucida; anchoring fibrils: banded fibrils origi-
nating in the dermis and inserting in the basal lamina. 
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TABLE I. Classification of M echanobullous Diseases 
Variant 
I. Epidermolysis bullosa simplex: 
a) EBs. generalisata KOEBNER 
b) EBs. localisata WEBER-COCKA YNE 
c) EBs OGNA 
II. Junctional epidermolysis bullosa: 
a) EB atrophicans generalisata gravis ("le-
talis") HERLITZ 
b) EB atrophicans generalisata mitis [5, 12] 
c) EB atrophicans localisata 
d) EB atrophicans inversa 
III. Dystrophic epidermolysis bullosa: 
a) EBd. COCKA YNE-TOURAINE 
b) EBd albopapuloidea PASINI 
c) EBd HALLOPEAU SIEMENS 
Site of cleavage 
(LM +EM) 












Lamina Iucida (reduced number and Autosomal 
abnorma l hemidesmosomes) · recessive 
Lamina Iucida Autosomal 
recessive? 
Lamina Iucida Au tosoma l 
recessive? 
Lamina Iucida 
Dermal side of the basal lamina (di- Autosomal 
minished number of anchoring fi - dominant 
brils or rudimentary in predilected 
skin) 
Dermal side of the basal lamina (an- Autosomal 
choring fibrils rudimentary andre- dominant 
duced in pre- and non-predilected 
skin) 
Dermal side of the basal lamina (di- Autosomal 
minished or absent anchoring fi- recessive 
brils; collagen degradation) 
Pa rt icula r cl inical features 
Generalized blisters heal without scar-
ring 
Blisters localized to hands and feet, 
heal without scarring. Hyperhidrosis 
frequent. 
(Linkage to erythrocyte GPT locus ) 
Rarely survive beyond fLrst 2 yr ; blis-
te rs heal without scarring; na ils may 
show dystrophic changes; oral le-
sions; teeth dysplastic; growth retar-
dation. 
Blisters heal with atrophy; teeth and 
nails may show dysplasia 
Localized blistering of the legs and feet; 
nails dystrophic or absent; dysplasia 
of the enamel of teeth 
Milia and scru· formation; dystrophy or 
loss of nails. 
Heal ing with scars and milia; dystro-
phy or loss of nails; a lbopapuloid le-
sions on t runk; (increased excretion 
of chondroitin sulfate ) 
Generalized or localized blisters heal 
wi th scars and milia formation; dys-
trophy or loss of nails; digital fusion 
common; oral lesions severe; teeth 
dysplastic; growth retru:dat ion; ane-
mia common; esophageal involve-
ment; conjunctival and corneal ero-
sions. 




Dermolytic (dystrophic, recessive) 
Junctional (atrophic, mitis, generalized) 
Junctional (Herlitz variant (?)) 
Epidermolytic (simplex) 
"Detected by electron microscopy. 
No. of pa-









replaced by normal human serum. Antibody binding was visualized by 
using fluorescein isothiocyanate (FITC) -labelled swine anti-rabbit IgG 
1:20 (Nordic Immunological Laboratories, Tilburg, The Netherlands) 
for the detection of type IV collagen antibody and laminin antibody-
binding; and goat anti-human IgG 1:20 (Kent Laboratories, Inc. North 
Vancouver, Canada) for the detection of bullous pemphigoid antibody 
binding. Slides were viewed under a fluorescence microscope (Ortho-
plan UniverseUes Groflfeld Mikroskop, Leitz, Wetzlar) , equipped for 
incident illumination. 
2. Electron Microscopy 
FIG 1. Schematic structure of the dermal-epidermal junction 
(adapted from reference 9): TF = tonofLlaments of epidermal basal 
cells, PM = plasma membrane of basal cell, A = anchoring ftlaments, 
LL = lamina Iucida, BL = basal lamina, AF = anchoring fibrils. 
Skin specimens, obtained as described above, were minced and fixed 
with Karnovsky's fixative for 5 hr at room temperature, rinsed 3 times 
and then overnight in 0.1 M cacodylate buffer, pH 7.2, at 4°C, postfixed 
at 4 °C in 3% aqueous osmic acid, stained en bloque with verona! acetate 
buffered uranyl acetate, and, after rapid dehydration in a graded series 
of alcohols, embedded in Epon 812. Ultrathin sections were cut with 
Reichert OM U2 and Ultracut ultramicrotomes, stained with lead 
citrate and examined with a Philips 400 electron microscope operating 
at 80 kv. 
terized as previously reported [6,7), bullous pemphigoid antiserum was 
obtained from 2 patients with active disease (original titer 1:2500 and 
1:160). For cont rols, rabbit antisera to type IV collagen and laminin 
were substituted by normal rabbit serum, whereas BP serum was 
RESULTS 
Normal Controls 
Biopsy specimens of normal skin showed a continuous linear 
staining pattern along the dermal-epidermal junction after pro-
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cessing with BP serum, type IV collagen, and laminin antise-
rum; with the latter 2 antisera additional intensive staining of 
the basem ent membranes of dermal vessels and sweat glands 
was observed. 
Dermolytic (dystrophic) EB 
In the patients with dermolytic EB, light microscopy revealed 
dermal-epidermal separation within the dermal-epidermal 
junction. The PAS positive "basement membrane" was hazy 
and sporadically a bsent; when detectable it was found both at 
the epidermal and dermal aspect of the blister and in some 
areas exclusively on the blister floor. 
Immunofluorescence showed that all 3 antigens, type IV 
collagen, laminin and BP antigens, were visualized as a bright 
fluorescent band in appropriately stained sections. With all 3 
antisera, this band was present on the undersurface of the 
epidermis and thus on the roof of t?e blist:r, w~ereas n_o 
staining was found on the floor of the blister cav1ty (F1g 2). This 
indicated that the split must have occurred below the dermal-
epidermal interface and certainly below the basal lamina, which 
contains type IV collagen antigen. 
The conclusion that intradermal sepru·ation had occurred was 
verified by electron microscopy, which revealed that the site of 
cleavage was always at the dermal side of the basal lamina, 
which adhered to the basal cells forming the roof of the blister 
(Fig 3). The basal cells proper were unaltered, hemidesmosomes 
were normal, but anchoring fibrils were absent. 
Junctional EB 
Light microscopy of biopsies of the patients with junctional · 
EB revealed "subepidermal" blister formation with the PAS-
positive band of the junctional zone localized on the dermal 
side of the blister cavity. In cryostat sections stained with 
antibody to type IV collagen a linear fluorescent band was 
consistently and exclusively shown on the bottom of the blister 
suggesting split formation above the basal lamina (Fig 4). 
Laminin antibody (Fig 5) also bound to the bottom of the 
blister; with both antisera there was no antibody reactivity on 
the blister roof, which was also clearly evident in those areas 
where epidermis and dermis had just about started to be 
separated. By contrast, BP antigen, the third antigenic deter-
minant investigated, was mainly detected on the blister roof, 
but also in a more spotty distribution and to a much lesser 
extent on the blister floor (Fig 6). Though the localization of 
type IV collagen suggested splitting above the basal lamina the 
localization of BP antigen indicated that separation must have 
FIG 2. Dermolytic EB (recessive); clinically normal skin with blis-
tering due to processing; localiza~ion of anti-type IV collagen antibodies. 
Two identical micrographs are shown, the left with cross-hatched 
epidermis and mru·ked dermal border to facilitate orientation. Ant i-
bodies (arrows) are detected exclusively on the blister roof indicating 
that cleavage has occurred below the basal lamina. Dermal fluorescence 
is almost exclusively due to the presence of type IV collagen in papillru·y 
blood vessels. 
FIG 3. Dermolytic EB (recessive) - composite electron-micrograph 
of the blister area: Upper half: Parts of 3 basal cells which do not show 
signs of gross damage. Dendrites of melanocytes (M) are present in the 
slight ly widened intercellular space. The plasma membrane of basal 
cells is in tact with norma l hemidesmosomes, the basal lamina (BL) is 
well preserved a nd adheres to the basal cells, separated from them by 
the lamina Iucida (LL). Lower half: Edema is found in the dermis. 
Collagen fibers (C) and dermal microfibril bundles apperu· normal , but 
anchoring fibri ls ar e absent. There is no lamina densa (reduced from 
X8000). 
occurred below the basal cell cytomembrane, but certainly 
a bove those sites which contained the laminin antigen. 
Antigenic mapping thus indicated junctional separation, i.e., 
within, and probably in the upper portions of, the lamina Iucida. 
E lectron microscopy, in all patients examined, verified that the 
split had occurred within the lamina Iucida: a morphologically 
intact basal lamina was attached to the dermis, anchoring fibrils 
were present and the blister roof was formed by intact basal 
keratinocytes (Fig 7). 
Epidermolytic (Simplex) EB 
Blisters in the EB simplex patients showed suprabasal or 
subcorneal split formation within the epidermis. With immu-
nofluorescence all 3 antisera tested bound to the dermal-epi-
dermal junction revealing band-like binding patterns identical 
to those of normal skin. All 3 antigens were therefore found 
below the blister floor . Again the localization of the level of 
blistering was verified by electron microscopy which showed 
suprabasal cytolysis and cleft formation or detachment of the 
stratum corneum from the stratum granulosum. 
DISCUSSION 
The major advantage of t he immunofluorescent antigen map-
ping method lies in the fact that it allows a rapid and reliable 
116 HINTNER ET AL Vol. 76, No. 2 
FIG 4-6. Junctional EB (EB atrophicans generalisata mitis), clinically normal skin with slight cleavage due to the trauma of biopsy. Again 2 
identical micrographs are shown to facilitate orientation: on the left the epidermis is cross-hatched, its border is marked by a dotted line. 
Antibodies (arrows) to type IV collagen (Fig 4) and to laminin (Fig 5) are exclusively detected on the blister floor. BP ant ibody activity (Fig 6, 
arrows) is disclosed mainly on the blister roof and to a much lesser extent on the blister floor. The localization of the 3 antigenic determinants 
indicates that the cleavage site has occurred within the lamina Iucida. 
differentiation between junctional and dermolytic types of EB. 
Because of the differences in the mode of inheritance of the 
various forms of EB and the differences in the natural course of 
the respective diseases, a proper diagnosis and classification is 
of considerable importance. It assists the physician in genetic 
counselli ng and , especially if performed early. in life or in utero 
[10], permits reasonably re liable predictions concerning the 
prognosis of a given patient. The important distinguishing 
criterion is therefore the exact determination of the site of 
cleavage, and up to now the only reliable method available to 
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FIG 7. Junctional EB (EB atrophicans generalisata mitis)-compos-
ite electron-micrograph of the blistered area. The upper half of the 
picture shows parts of 3 well-preserved basal cells, an intact plasma 
membrane enclosing projections of the cytoplasm. Hemidesmosomes 
are rudimentru·y. The lower half of the picture reveals a morphologi-
cally unaltered basal lamina (black arrows) resting on an edematous 
dermis with intact anchoring fibrils (white arrow) and longitudinal as 
well as cross-cut collagen fibers (C). The blister cavity is filled with 
plasma and debris (reduced from X8000). 
TABLE III. Localization of junctional antigens in EB 
Loca lizat ion of antigenic determinant within 
Variant (No. of patients studied) the bliste r area 
I. Epidermolytic EB (3) 
II. Junctional EB (8) 
III. Dermolytic EB (3) 
" bl. fl . = blister lloor. 
h bl. r. = blister roof. 





bl. fl . 
bl. fl . 
bl. r. 




bl. r." (bl.flY 
bl. r. 
permit such a determination between dystrophic and junctional 
EB was electron microscopy. This technique, however, is t ime 
consuming and cannot be performed in every center. Light 
microscopic techniques have disappointingly failed to assist in 
the determination of the cleavage plane in these 2 variants of 
EB. The periodic acid Schiff (PAS) positive "basement mem-
brane" as revealed at the light microscope level was found not 
to be a consistently accurate method in differentiating between 
the junctional and dermolytic forms of EB. In biopsies from 
patients with dystrophic EB we often found the PAS membrane 
to be located on the blister floor and thus the staining pattern 
to be indistinguisha ble from that seen in junctional EB. 
Our present approach was therefore based on the fact that 
different antigenic determinants are located at different sites 
within the dermal-epidermal junction as has been shown by 
immune electron microscopic studies [6-8]. Bullous pemphigoid 
antigen is located on the undersurface of basal keratinocytes 
and within the lamina Iucida; laminin, a noncollagenous base-
ment membrane protein, is found within the entire lamina 
Iucida; by contrast, type IV collagen is a major component of 
the basal lamina. In this study we show that a mapping of the 
distribution of these antigens within the blister area provides a 
light microscopic approach to reliably predict the fine structural 
level of separation in EB (Table III) . In dermolytic EB these 3 
antigens are found on the blister roof whereas in junctional EB, 
bullous pemphigoid antigen is mostly on the blister roof, 
whereas the other 2 antigens are on the blister floor. In support 
of the relia bility of the antigen mapping method we have shown 
in the 3 patients with epidermolytic EB, that all3 antigens were 
localized on the blister fl oor. 
An important finding in t he pilot phase of our studies was 
that t he a ntigenicity of the various antigenic determinants was 
preserved despite the pathological processes t hat had led to 
blister formation. This permitted the detection of antigenic 
sites even in established lesions. Our study suggests that the 
various ant igenic determinants are present in the very same 
location in both diseased skin and skin from healthy controls. 
Most importantly, the site of cleavage predicted from antigen 
mapping by immunofluorescence was verified by electron mi-
croscopy in every instance. 
We do not yet know whether this immunofluorescent tech-
nique may be of value in the subclassification of eit her junc-
t ional or dermolytic variants. In the case of dystrophic EB we 
only had the opportunity to investigate biopsies from patients 
with recessive, dermolytic EB. Since ultrastructurally there is 
no difference between the cleavage plane in the recessive and 
dominant variants, it is to be expected that dominant derma-
lytic EB shows the same antigen distribut ion as demonstrated 
for the recessive form in this study. With regard to t he junc-
tional forms of EB, it appears part icularly important to differ-
entiate between EB letalis Herlitz [11] and the recently de-
scribed variant of EB atrophicans generalisata mitis [5,12], 
since in the form er life expectancy is dramatically shortened 
whereas in the latter patients are capable of conducting a 
reasonably tolerable life after having reached adult hood. Seven 
of our 8 patients with junctional EB had the more benign EB 
atrophicans mit is variant, whereas one child is still too young 
and follow-up too short to be reasonably sure of this diagnosis. 
All 8 patients showed identical antigen distribution in the IF 
mapping studies. Schachner and Lazarus (13] investigated 3 
patients with junctional EB for the presence of bullous pem-
phigoid antigen and found binding of the appropriate antibody 
on the blister floor. This contrasts our findings and the fact that 
we used an indirect IF method to detect BP antigen, whereas 
these authors employed pooled BP sera directly conjugated 
with FITC cannot convincingly explain t his discrepancy. 
Although the antibodies to type IV collagen and to laminin 
a1·e r elatively unavailable at the present t ime, it is clear that 
t hey are most useful in differentiating between the various 
forms of EB. BP antisera alone are not helpful in distinguishing 
between junctional and dermolytic EB variants. Future studies 
will have to show whether electron microscopy or other tech-
niques provide more information regarding subtypes of junc-
tional and dermolytic EB and we, therefore, believe that 
whereas the method dE:scribed in this paper is a valuable 
adjunct in the diagnosis and evaluation of EB patients, other 
modes of investigation should be retained, not only for diagnosis 
but also for further attempts to elucidate the pathogenesis of 
these disorders. 
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